Intrastrand parity rules of DNA base composition and usage biases of synonymous codons.
When there are no biases in mutation and selection between the two strands of DNA, the 12 possible substitution rates of the four nucleotides reduces to six (type 1 parity rule or PR1), and the intrastrand average base composition is expected to be A = T and G = C at equilibrium without regard to the G + C content of DNA (type 2 parity rule or PR2). Significant deviations from the parity rules in the third codon letters of the four-codon amino acids result mostly from selective biases rather than mutational biases between the two strands of DNA during evolution. The parity rules lay the foundation for evaluating the biases in synonymous codon usage in terms of (1) directional mutation pressure for variation of the DNA G + C content due to mutational biases between alpha-bases (A or T) and gamma-bases (G or C), (2) strand-bias mutation, for example, by DNA repair during transcription, and (3) functional selection in evolution, for example, due to tRNA abundance. The present analysis shows that, although the PR2 violation is common in the third codon letters of four-codon amino acids, the contribution of PR2 violation to the DNA G + C content of the third codon position is small and, in majority of cases, mildly counteracts the effect of the directional mutation pressure on the G + C content.